Hh-N molecules act at a longer range and are more potent inducers of Hh target genes than HhNp (Porter et al., 1996b). How HhNp can exert its patterning activity when it is associated to cholesterol, and thus lacks the properties of a diffusible molecule, is not clear. 
). Further, we did not detect any plasma memsequenced, we found that it was more homologous to vertebrate EXT2 than to EXT1 (44% and 26% protein brane staining or a colocalization with the membrane markers E-cadherin or Armadillo (data not shown).
identity, respectively; data not shown). Since DExt2 and ttv are maternally expressed and uniformly distributed Altogether, these results indicate that Ttv resides mainly in the ER and in the golgi.
in early embryos (data not shown), we propose that the residual 3G10 staining present in ttv embryos is due to the activity of DExt2. (Figures 2A and 2D) . derm migration in ttv embryos ( Figures 3B and 3D) . ttv embryos display a segment polarity phenotype We then analyzed the 3G10 staining in the absence of ttv activity. In contrast to wild type, the staining desimilar to loss of either Wg or Hh signaling ( Figures  1A-1G ). However, since Wg and Hh signaling pathways tected by 3G10 in heparinase-treated ttv embryos was strongly reduced ( Figure 2E ). However, this staining was in the embryonic epidermis are dependent on each other, the segment polarity phenotype does not allow recovered when wild-type Ttv activity is reintroduced in ttv embryos ( Figure 2F ). These results show that the us to distinguish whether loss of ttv affects Hh as well as Wg signaling. Therefore, we looked at two other staining in Drosophila embryos detected by 3G10 is specific and the reduction of staining is due to absence Wg-dependent processes during embryogenesis; the the RP2 neurons in the embryonic CNS as detected by an Even-skipped (Eve) antibody (data not shown).
Ttv Is Involved in HSPG Biosynthesis
To extend the conclusion that ttv is not required for Wg signaling, we examined another developmental stage: the wing imaginal discs. Wg expressed at the wing margin controls patterning along the D/V axis in a concentration-dependent manner. Expression of the proneural genes at the margin and vestigial (vg) and distalless (dll) at a farther distance are controlled by Wg (Zecca et al., 1995; Neumann and Cohen, 1997). In ttv mutant clones at the margin, the expression of the proneural marker A101 is not affected (data not shown). Further, we find that the expression of dll is not affected (Figures 3H and 3I) . Thus, Wg signaling in wing imaginal discs does not require Ttv activity.
Specificity of Ttv for Hh Signaling
In the absence of sgl or sfl activities, which are also involved in HSPG biosynthesis, both Wg and FGF signaling pathways are reduced (Cumberledge and Reichsman, 1997; Lin et al., 1999). Surprisingly, our analysis of ttv indicates that Hh was specifically affected while both Wg and FGF dependent processes are not altered. This raised the question of whether all HS GAG chains are involved in Hh movement. Therefore, we investigated whether Hh signaling is affected in clones of sfl mutant cells in wing imaginal discs. Our analysis suggests that Hh signaling is affected as well in the sfl clones (data not shown).
The observation that Hh signaling, but not FGF and of Hh activity. We therefore favor the "qualitative" model (i.e., that Ttv activity is required for the synthesis of an Hh-specific HSPG). formation of the stomatogastric nervous system (SNS) Recently, another EXT family member EXTL2, has neurons (Gonzalez-Gaitan and Jackle, 1995) and the been identified as an ␣-GlcNAc transferase, which deterformation of the RP2 neurons (Patel et al., 1989) . In wildmines that a heparan sulfate instead of a chondroitin type embryos, the invagination of the three SNS neurons sulfate chain will be attached to the linker region of the can be visualized by staining with antibodies against proteoglycan (Kitagawa et al., 1999). The initiation of the the Crumbs protein ( Figure 3E ). In mutants that decrease GAG chain on the protein core depends on Ser-Gly/Ala Wg signaling, there are less than three SNS invagidipeptides that have one or more acidic amino acids in nations ( Figure 3F ), while in mutants that increase Wg close proximity (Zhang et al., 1995) . It has been prosignaling, more than three invaginations can be found.
posed that the sequences in the core protein surThe SNS phenotype of ttv mutant embryos appears wild rounding the GAG attachment site are important for the type (Figure 3G 
